Studies that develop estimates of the value of travel time savings (VTTS) for car travel typically assume that the VTTS of the driver is the only relevant measure of the worth of time savings. Although there is a recogntion that the presence of passenger's may condition the driver's choice of route and VTTS, the evidence is somewhat limited on the impact that the number of passengers has on the driver's VTTS. This is especially problematic when evaluating the role that policy instruments such as HOV lanes might play in delivering travel time savings for a specific occupancy, as well as the growing opportunities to have differentiated congestion charges and tolls according to occupancy. This paper investigates the role that the passenger plays in the VTTS of the non-commuting car driver. We find that the overall mean VTTS varies across the number of passengers (from $19.99 to $13.22 per person hour), declining as the number of passengers increases; however this is largely attributable to the decreasing mean VTTS for slowed down time in contrast to a 'flat' mean free flow time. The implications on travel time benefits ignored (through simple averaging) in previous studies, especially tollroad studies, and hence the impact on infrastructure justification, is potentially profound, given the important role played by VTTS and its variation over the number of passengers.
Introduction
Public agencies spend funds on transport infrastructure in the expectation of providing opportunities for faster, more efficient movement, and therefore the amount of resource worth spending to make a unit saving in travel time has always been an implicit or explicit issue in transport policy (Gunn 2000) . There are many empirical studies on the estimation of values of travel time savings (VTTS), with varying degrees of data and modelling rigour and relevance, mostly based on the observation that travellers are prepared to spend money to save time. These values are applied both to forecasting the effects of speed changes on behaviour, and also to estimation of the social benefit of such savings, in order to calculate value for money of spending public funds on transport investments.
In recent years, an increasingly important application has been to calculate the potential revenue from tolled roads, and networks with user charges, which offer higher speeds at a higher price: here the important issue is not hypothetical willingness to pay, but the actual money which will be handed over. This changes the focus from hypothetical to bankable values of travel time savings (Hensher and Goodwin 2004) 1 .
All studies (almost without exception, see Accent and HCG 1999 and MVA et al. 1987) that develop estimates of the value of travel time savings for car travel, assume that the VTTS of the driver is the relevant measure of the worth of time savings. If a car has multiple occupants, the passengers are not allowed for in an explict way in the valuation. This is especially problematic when evaluating the role that policy instruments such as HOV lanes might play in delivering travel time savings for a specific occupancy, as well as the growing opportunities to have differentiated congestion charges according to occupancy 2 . Behavioural responses through VTTS can provide one important input to assist in determining price differences. This study investigates the role that the passenger plays in the VTTS of the car driver's trip, using mixtures of random parameters and error components in a mixed logit model to establish sources of observed and unobserved random and systematic taste heterogeneity, in order to obtain occupancy-profiled VTTS distributions 3 . The context
1 The central question is: will the willingness to pay we have assumed in the model, be converted into cash in the bank? This question converts into a sensitive and growing list of implementation tasks that are necessary to satisfy the private sector ventures preparing bids to be short listed, and subsequently to win the right to enter into a contractual arrangement with government to build, own, operate and maintain infrastructure. Conversely, public agencies themselves need confidence that the risk sharing arrangements, based on market assumptions, will not be in danger of rapid collapse or embarrassing renegotiations, or public discontent about unexpected fortunes and accusations of monopoly profits. Trujillo et al. (2002) provide a very useful overview of these issues in the context of strategically (i.e. intentionally!) over-and under-shooting travel demand. Incorrect use of values of travel time savings may cause serious distortion of investment priorities, and potentially financial stress serious enough to call the viability of a company, or the sustainability of a risk-sharing agreement, into question. An additional dimension is that any errors are likely to become apparent not in thirty years (by which time the issue will be confused and of minority interest) but within the first year or two of operation, with intense public and private interest. 
What Role might the Passenger play?
Road traffic studies, including toll road patronage studies, are traditionally interested in the vehicle and not the occupant, since the outlays of time and money of interest, including a toll, is per vehicle. However the behavioural response of switching routes, such as to the toll road, is a decision of an individual, typically the driver of a car.
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Patronage forecasts of toll road use typically use the VTTS for the car driver only. While, for cars it is often suggested that occupant's other than the driver might play a role in the establishment of an appropriate VTTS for the vehicle trip as a whole, a search of the published literature reveals a notable dearth of consideration of this issue.
The one exception is a study on VTTS in the UK (Accent and HCG 1999) that established car driver VTTS in the presence of passengers as well as a number of passenger values. However the authors indicate (on page 169) that they had a relatively small amount of passenger data, which by implication precluded any serious assessment of the role of the passenger in influencing the driver's VTTS.
The empirical study carried out by MVA et al. (1987) attempted to separate values of time savings for passengers and drivers, or to establish values related to vehicle occupancy, and came to the conclusion that most of the evidence suggested that the values of time savings of passengers were discounted by drivers (who in effect were making the choices). Although passengers might indeed be valuing their own time savings, there seemed to be little evidence of a 'market' which allowed these fully to enter the choice process. One explanation was that car sharers might be a special group of the population with lower than average VTTS and another was that application of economic willingness to pay ideas did not represent the sociology of car sharing. The authors speculated that 'If tolls were charged on the basis of occupancy rather than per vehicle, some more explicit trading might be done'. The study by Accent Marketing et al. (1999) reported that their model results indicated that 'driver's value of time increases as the number of passengers…increases', but less than proportionately -i.e., their results were also consistent with the idea that passengers' values were discounted.
This discussion suggests a number of issues for further investigation. Does the car passenger(s) presence, influence the time-cost trade-off of the driver and hence the route chosen? Another way of stating this is: would the driver's time-cost trade off and hence VTTS be different in the presence or absence of passenger(s)? It seems reasonable to speculate that the driver's marginal disutility of travel time might be lessened in the presence of passengers who they can chat to (or even share some of the monetary costs).
Imagine the situation where the driver talks a great deal with a passenger, which tends to pass the time quicker (and may make the slower free road more tolerable). Also there may be a feeling that the toll is yielding a benefit to more than one person and so, regardless of who is paying, there is a greater benefit to all occupants than to the driver.
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Thus the time-cost trade-off may involve a reduced marginal utility from a time saving but an increased marginal utility for the toll paid. These adjustments would tend to lead to an increase or decrease in VTTS depending on the relative change in the respective marginal utilities.
Another way of looking at the VTTS associated with the car passenger, assuming it has no impact on the car driver or that in any sample of drivers the incidence of passengers is somehow internalised in the driver VTTS (without knowing its contribution in the upwards or downwards direction), is to treat their VTTS as a positive contribution to toll road time savings benefits. This is essentially the implicit outcome of most procedures adopted by toll road patronage forecasting studies. Only by making the driver's VTTS a function of occupancy might this be established. If we can show that the VTTS per vehicle is proportional to occupancy, this would give an overoptimistic assessment of revenue, and correspondingly underestimated assessments of tollavoiding behaviour.
Empirical Context
The data used to establish the role of car occupancy is drawn from a study undertaken in Sydney in 2004, in the context of car driving non-commuters making choices from a range of level of service packages defined in terms of travel times and costs, including a toll where applicable. The sample of 222 effective interviews, each responding to 16 choice sets, resulted in 3,552 observations for model estimation.
To ensure that we captured a large number of travel circumstances, that will enable us to see how individuals trade-off different levels of travel times with various levels of tolls, we sampled individuals who had recently undertaken trips of various travel times (called trip length segmentation), in locations where tollroads currently exist. To ensure some variety in trip length, three segments are investigated: no more than 30 minutes, 31 to 60 minutes, and more than 61 minutes (capped at two hours).
A telephone call was used to establish eligible participants from households stratified geographically, and a time and location agreed for a face-to-face computer aided personal interview (CAPI). A stated choice (SC) experiment offers the opportunity to establish the preferences of travellers for one existing and two new route offerings under varying packages of trip attributes. The statistical state of the art of designing SC experiments has moved away from orthogonal designs to D-optimal designs (see below and , Kanninen 2002 ; and the behavioural state of the art has moved to promoting designs that are pivoted around the knowledge base of travellers, in recognition of a number of supporting theories in behavioural and cognitive psychology and economics such as prospect theory, case-based decision theory and minimum-regret theory (Starmer 2000) .
In determining the most statistically efficient design, the literature has tended towards designs which maximise the determinant of the variance-covariance matrix, otherwise known as the Fisher information matrix, of the model to be estimated. Such designs are known as D-optimal designs. Such designs require explicit incorporation of prior The two SC alternatives are unlabelled routes. The trip attributes associated with each route are free flow time, slowed down time, trip travel time variability, vehicle running cost (essential fuel) and the toll cost. These were identified from reviews of the literature and through the effectiveness of previous VTTS studies undertaken by Hensher (2001) . In addition, previous studies were used to establishing the priors (i.e., parameter estimates associated with each attribute) for designing the experiment. All attributes of the SC alternatives are based on the values of the current trip. Variability in travel time for the current alternative was calculated as the difference between the longest and shortest trip time provided in non-SC questions. The SC alternative values for this attribute are variations around the total trip time. For all other attributes, the values for the SC alternatives are variations around the values for the current trip. The variations used for each attribute are given in Table 1 . For example, given the free flow time for a current trip (e.g., 30 minutes), if in a specific SC alternative in the SC choice set the level of free flow determined by the D-optimal design is -20%, then the free flow time listed is 24 minutes. The experimental design has one version of 16 choice sets (games). The design has no dominance given the assumptions that less of all attributes is better. The distinction between free flow and slowed down time is designed to promote the differences in the quality of travel time between various routes -especially a tolled route and a non-tolled route, and is separate to the influence of total time. Free flow time is interpreted with reference to a trip at 3 am in the morning when there are no delays due to traffic. 5 An example of a stated choice screen, for the current trip (or reference) alternative and two design -generated combinations of actual attribute levels (based on a percentage variation from reference alternative from the set in Table 1 ) is shown as Figure 1 . 
The Evidence
To establish the influence of the number of passengers in the valuation of travel time savings for car drivers, we estimate a mixed logit model. The specific form of the mixed logit model being used is capable of establishing a number of sources of preference heterogeneity across a sampled population. These are (i) random preference heterogeneity associated with specific attributes induced by an analytical distribution; (ii) systematic sources of preference heterogeneity through making the standard deviation of a random parameter a function of explanatory variables that are individualspecific; and (iii) preference heterogeneity that is associated with alternatives in a choice set in contrast to attributes, referred to as error components for alternatives and nests of alternatives. Greene and Hensher (in press) derive the fully specified model, summarised in equation (1) 
Where Γ q is the matrix of structural parameters, Γ multipled by a diagonal matrix, say Λ q which contains the observation specific standard deviations on the diagonals. This is how we build heteroscedasticity in the parameters into the model. The parameters are randomly distributed over individuals, according to a pre-defined analytical distribution, with means and variances that can depend on individual characteristics, h q . The components of this model are: Brownstone and Train (1999) 7 , incorporates additional unobserved heterogeneity through effects that are associated with the individual's preferences within the choices. Train (2003) provides a discussion of this form of maximum simulated likelihood estimator used to parameterise this model.
The profile of car occupancy (excluding the driver) is given in Table 2 , distinguishing adult and children passengers. 83 (37.3 percent) of the 222 car drivers did not have any passengers. For the 62.7 percent who did have passengers, one additional passenger was most common (58 percent of car drivers), with this being an adult 92.5 percent of the time. Although the sample size decreases as the number of passenger's increases, the expansion over 16 choice sets provides a minimum of 128 observations of time-cost trade-offs for trips with four passengers. The proportion of passenger's who are adults, declines as the occupancy level increases as might be expected where the majority of trips involve the immediate family members. The estimated model recognizes and accounts for the correlated structure inherent in 16 choice sets associated with the same individual. Correlated alternatives are induced through the nesting of the error components. The preferred empirical model is presented in Table 3 . After extensive assessment of unconstrained and constrained distributions (e.g., triangular, normal, lognormal) we have selected a constrained triangular distribution (in which the spread 8 estimate is constrained to equal the mean estimate 9 ) for the random parameters. If the scale equals 1.0, the range is 0 to 2 ß 1 . This is shown to be an appealing way of capturing the random taste heterogeneity, avoiding the search for such heterogeneity at the extremes of unconstrained distributions. The triangular distribution was first used for random coefficients by Train and Revelt (2000) later incorporated into Train (2003) . Hensher and Greene (2003) also used it and it is increasingly being used in empirical studies.
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Statistically the mixed logit model is a significant improvement (log-likelihood of -2130.56) over the multinomial logit version whose log-likelihood at convergence is -2733.44. We investigated a number of ways in which car occupancy plays a role in influencing the utility of a specific trip attribute package; and found that interacting a dummy variable for each of the number of passengers (0,1,2 and 3 plus) was preferred to a monotonic specification in terms of the number of passengers. Furthermore we found that the best specification captured the number of passengers through conditioning the standard deviation of each random parameter for free flow and slowed down time, and captured the mix of adults and children through conditioning the standard deviation of the alternative-specific error component for the reference alternative. The positive sign on the parameter estimates for the heterogeneity around the standard deviation of free flow and slowed down time suggests that an increase in the number of passengers, holding all other influences constant, increases the unobserved heterogeneity (i.e. widens the distribution of the parameter space) for free flow and slowed down time across the sample. We were not able to find any systematic sources of decomposition of the mean.
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We have also found that there exists a significant amount of unobserved heterogeneity that is alternative (in contrast to attribute) specific, and that accounting for this as error components for alternatives and nests of alternatives parameters is of relevance. This would normally be assigned to the IID component of the unobserved effects (and/or induce some potential confoundment with the attribute-specific parameters), which would fail to recognise the significantly greater amount of unobserved heterogeneity associated with the reference alternative in contrast to the two experiment design alternatives. Indeed we have also been able to identify systematic variation in the error component variance associated with the reference alternative that is attributed to the proportion of passengers who are adults. Accounting for this increases the standard deviation of the unobserved alternative-specific effect for the reference alternative. The VTTS findings are summarised in Table 4 . To calculate the mean VTTS for free flow and slowed down time, we take draws from the estimated distributions which are derived from the parameter estimates given in Table 3 , calculate VTTS for each draw, and average the results. We illustrate the form of the empirical specification for the free flow attribute's unconditional distribution and the VTTS formula: We find that the overall mean VTTS varies across the number of passengers (from $19.99 to $13.22 per person hour), declining as the number of passengers increases, although it is essentially flat for 2 and 3 passengers. This is largely attributable to the decreasing mean VTTS for slowed down time in contrast to a 'flat' mean free flow time (varying from $8.975 to $8.393 per person hour 10 ). This does not support the Accent Marketing et al. (1999) finding that 'driver's [total] value of time increases as the number of passengers…increases'. The implications on travel time benefits ignored (through simple averaging) in previous studies, especially tollroad studies, and hence the impact on infrastructure justification, is potentially profound, given the important role played by VTTS and its variation over the number of passengers.
We investigated potential sources of systematic variation in VTTS for free flow, slowed down and weighted average overall travel time, in two models, one in which the explanatory variables were the number of adults and the number of children as passengers, and the other where we defined dummy variables for 1,2,3 adults and respectively children (setting four passengers as the base). The dummy coded variable specification found no statistically significant effects, whereas the continuous variable version did, but only for the weighted average travel time (t-values in brackets):
VTTS overall = 20.109 (16.27) -2.553 (-2.25)*number of adult passengers -1.4171(-1.40)* number of children; (r 2 = 0.036)
Although the overall explanatory power of this simple equation is low, the number of adults passengers has a statistically significant influence.
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Conclusions
This research has highlighted the influence that the number of passengers has on the valuation of travel time savings of car drivers. The evidence has important policy implications for innovative ways of growing patronage and revenue for toll roads that is linked to the occupancy status of the car. With advanced intelligent on-board occupancy identification, the technical capability of assessing occupancy-differentiated tolling and congesting charging is very real.
From a policy perspective, HOV lanes are typically introduced to benefit multiple occupancy yet it is the driver travelling without passengers who places the highest value of travel time savings, that are presumably delivered via HOV compared to conventional lanes. What this suggests is that HOV policy is not related directly to time savings per se although it has indirect time benefits to all car users. Revisiting the MVA et al. (1987) comment that 'If tolls were charged on the basis of occupancy rather than per vehicle, some more explicit trading might be done', there is mounting evidence herein that this suggestion merits closer attention. This is of particular relevance where savings in slowed down (or congestion time) can be offered relative to savings in free flow time.
